Objective-Guillain-Barré Syndrome (GBS) is the leading cause of acute peripheral neuropathy worldwide, often associated with recent foodborne infection with Campylobacter jejuni. In this cross-sectional analysis of data from the Agricultural Health Study, we tested whether swine and poultry exposure were associated with increased prevalence of GBS-like neurologic symptoms.
1.5 times more likely to develop the autoimmune neuropathy than women. 3 GBS in the United States may carry an economic burden of up to $420 million. 4 The major identified risk factor for GBS is infection by the bacterial pathogen Campylobacter jejuni. 1, 5, 6 In a literature review, C. jejuni infection preceded 30% to 40% of cases of GBS. 1 Other studies have demonstrated increased risk of GBS in the two months after an episode of C. jejuni infection. 6, 7 Clusters of GBS cases may occur after outbreaks of bacterial enteritis. 3 Other risk factors for GBS include other prior infections, for example, with cytomegalovirus, Epstein-Barr virus, influenza, or Mycoplasma pneumoniae. 3, 5 The putative mechanism underlying this association is autoimmunity induced by a crossreacting mimicry between surface antigens of C. jejuni and corresponding epitopes of the host peripheral nervous system. 8, 9 Antibodies to variant C. jejuni lipooligosaccharides cross-react with human neuronal gangliosides to cause the pathophysiological events that induce autoimmune peripheral neuropathy. 10 Particular subtypes of C. jejuni, such as HS: 19 and HS:041, are more closely linked to the development of GBS, which is associated with polymorphisms in specific genes that encode variant surface proteins. [11] [12] [13] Variation in host immunity also plays a role in determining individual susceptibility for developing GBS after infection. 8, 9 Studies describing associations between GBS and C. jejuni infection primarily have examined infections associated with poultry consumption. 14, 15 The occupational risks for C. jejuni exposure among workers in food animal production have been well-described 16, 17 Because Campylobacter is carried commensally by poultry and often is isolated from swine, occupational contact with these animals is associated with increased risks of C. jejuni carriage, particularly under conditions of concentrated animal-feeding operations. 18 In 2007, Price et al. 19 reported on increased risks of neurologic symptoms indicative of GuillainBarré--like peripheral neuropathy in a relatively small cross-sectional study of poultry workers. The present study builds on these results by examining prevalence of symptoms consistent with peripheral neuropathy in a large cohort of farmers: the Agricultural Health Study (AHS). Our motivation for using available data from the AHS came, in large part, from our interest in identifying a viable population for a future cohort study of inflammatory peripheral neuropathy.
MATERIALS AND METHODS
The AHS is the largest longitudinal cohort study of the agricultural workforce; it was designed to study exposures and health outcomes in licensed pesticide applicators and their spouses. 20 Cohort members were enrolled between 1993 and 1997 in Iowa and North Carolina. 20 The present analysis is restricted to the subset of private pesticide applicators, primarily farmers, with information on neurological symptoms and animal exposures. Neurologic symptoms were not collected from spouses. Commercial applicators, who as a group have little animal exposure, were not included.
A questionnaire completed at enrollment-collected information on demographics, baseline health, pesticide use, and animal exposure. The latter included data on major incomeproducing animals raised on the farm and participation in work activity in swine or poultry confinement areas. A second questionnaire completed at home by approximately 44% of the enrolled private applicators collected information on self-assessed cognitive and motor neurologic function. 21 Questionnaires are available at www.aghealth.org/questionnaires.html.
The study design was a nested prevalence study within the AHS. The present analysis was restricted to 22,916 private applicators (44% of the cohort), who completed both enrollment and take-home questionnaires (Fig. 1 ). There were only minor differences, most notably for age, between those participants who did and those who did not complete the take-home questionnaire. 22 Subjects with missing data for any of the key neurologic symptoms or exposures (see later) were excluded (approximately 11%). Of the remaining 20,599 subjects, those who reported either swine or poultry exposure were compared with those who reported no occupational animal exposure in the past year. This excluded farmers with nonswine, nonpoultry occupational animal exposure, because animals other than poultry and swine also may carry C. jejuni. 23 This reduced the final study population to 15,932.
The study population was divided into four nonexclusive categories of occupational animal exposure and one reference category of 7610 farmers with no self-reported occupational animal exposure in the past year ( Table 1 ). The exposure categories included 7079 farmers who reported hog/swine production in the past year (swine farmers); 5930 individuals who reported working in swine confinement areas (swine workers); 784 farmers who reported raising poultry on their farm in the past year (poultry farmers); and 713 individuals who reported working in poultry confinement areas (poultry workers). Although 306 farmers responded that eggs were a major income-producing crop or animal on their farms, we excluded these individuals if they did not also report that poultry were a major incomeproducing crop or animal due to a lack of information on live animal exposure. Individuals who reported working in swine or poultry confinement areas by definition worked in an environment with large numbers of animals and were likely to experience higher or more frequent exposure to Campylobacter. 24, 25 For this reason, swine or poultry farmers were analyzed separately from swine or poultry confinement workers. These four categories of animal exposure---swine farmers, swine confinement workers, poultry farmers, and poultry confinement workers---were not mutually exclusive. Table 2 shows that 7566 farmers (87%) had exclusive exposure to swine, 587 (7%) had exclusive exposure to poultry, and 513 (6%) were exposed to both. Therefore, additional analysis was performed examining exclusive categories of animal exposure.
Motor and sensory symptoms, specifically weakness in limbs and numbness in extremities, are noted frequently in persons with GBS-like disease. 26 Two symptom queries were selected: "numbness or pins-and-needles in your hands or feet" and "weakness in your arms or legs." Prior studies of GBS have used queries that differentiate among symptoms that are more or less typical of GBS. Since speech and vision impairments are not common in cases of GBS, three additional symptom queries were selected: "difficulty speaking," "blurred vision or double vision," and "difficulty seeing at night." Thus, five self-reported neurologic symptom outcomes were assessed: numbness, weakness, difficulty speaking, blurred vision, and night blindness (Table 3) . Outcomes were assigned as positive if any symptom episode was reported in the previous year.
Prevalence ratios (PRs) were calculated to compare risk of self-reported neurologic symptoms within each of the categories of animal exposure relative to the referent group (no animal exposure). Univariate and multivariate regression analyses were performed using the P1REL0506.01 AHS P1 data release and the PROC GENMOD function for log-binomial models using SAS 9.1 software (Cary, NC), as described by Spiegelman and Hertzmark. 27 Because of the small numbers of women and nonwhites in the study, additional analysis was performed excluding these two groups from the extended model.
A priori, demographic characteristics, pesticide use, alcohol consumption, frequency of eating chicken and pork products, and state of residence were considered potential confounders on the basis of medical and scientific understanding (Table 1) . Because previous AHS studies have reported associations between pesticides and some of the same neurologic symptoms examined here, 21, 28, 29 the covariate of "ever used/never used" pesticides was subdivided by category of pesticide: insecticides, herbicides, fungicides, and fumigants. An adjusted model was built to control the estimate of association for all potential, measured confounders.
The institutional review boards of NIH and its contractors approved the AHS. The Johns Hopkins University institutional review board determined that this secondary data analysis was exempted from further review. This work was supported in part by the intramural research program of the National Institutes of Health, the National Institute of Environmental Health Sciences (Z01-ES049030--11), and National Cancer Institute (Z01-CP010119).
RESULTS
Overall, 15,932 individuals were evaluated in this study. The percentage of missing data for covariates was small (<3%) and generally was comparable among exposed groups and referents. Subjects with missing data were excluded from the analysis. Poultry farmers, poultry confinement workers, swine farmers, swine confinement workers, and referents with no self-reported occupational animal exposure differed to a small but significant degree in sex, race, state of residence, education level, and pesticide use by chi-squared analysis ( Table 1 ).
The observed, overall prevalence in this cohort for self-reported symptoms of weakness was 15%, numbness was 27%, difficulty speaking was 5%, blurred vision was 10%, and night blindness was 12% (Table 3) . Prevalence ratios were estimated, comparing each exposure group to the referent group, using univariate and multivariate (adjusted) regression models to evaluate differences in risk of self-reported neurologic symptoms, as shown in Table 4 . Adjusted models are discussed here. Overall, farmers and workers exposed to swine and/or poultry were more likely to report at least one episode of numbness in the past year and were more likely to report at least one episode of weakness in the past year compared with referents without animal exposure. The prevalence of difficulty speaking, blurred vision or night blindness did not differ between referents and any category of swine or poultry exposure.
Swine farmers and confinement workers were more likely to report at least one episode of numbness or at least one episode of weakness during the previous year compared with referents (Table 4) Poultry farmers and confinement workers were more likely than referents to report at least one episode of numbness in the past year (Table 4) . Poultry farmers and confinement workers also were more likely to report weakness than referents, but this difference was not statistically significant ( Additional analysis excluding race and sex from the adjusted model did not change inference for any of the comparisons, nor did analysis comparing each exposure group to the referent group by ordinal degree of lifetime days of use of pesticide exposure instead of by ever--never categorization (see Supplemental Table at http://links.lww.com/JOM/A46). In this latter analysis, an ordinal variable was created for each of the four classes of pesticides on the basis of self-reported years of use and days per year of use. From this self-reported exposure, we calculated cumulative lifetime days of pesticide use by class and then categorized this use according to degree of self-reported exposure for each of the four variables used in the model. In addition, PRs generally were robust to a change in cutoff point for outcomes, that is, classifying outcomes as positive on the basis of self-report of two-or-more symptom episodes rather than one-or-more symptom episodes per year. Analysis by state did not change inference for associations between pig exposure and any of the outcomes. However, poultry farmers and workers in North Carolina were not at higher risk for numbness.
DISCUSSION
This is the first large study to examine risk of neurological symptoms among persons with exposure to animals potentially associated with C. jejuni. We demonstrated increased prevalence of two self-reported neurologic symptoms, numbness and weakness, with occupational exposure to swine or to poultry. Swine and poultry farmers and workers were more likely than nonanimal farmers to self-report numbness, and swine farmers and workers were more likely to self-report weakness. These self-reported symptoms were somewhat specific in that these farmers and workers were not more likely to self-report vision and speech problems. Of the neurologic symptoms assessed by self-report through Phase 1 AHS questionnaires, numbness and weakness are most likely to occur with a peripheral neuropathy like GBS. 30, 31 However, these symptoms are neither pathognomonic for GBS nor specific to the disease.
Animal production workers may contact Campylobacter and other pathogens via ingestion or inhalation. 18 In concentrated animal-feeding operations in particular, confinement, animal density, and poor hygiene contribute to increased prevalence of pathogen carriage among animals and in the farm environment. 18, 25, 32, 33 Domesticated poultry are reservoirs for C. jejuni. 34, 35 Colonization of chickens in high-density houses occurs rapidly. 36 Prevalence can reach 90% to 100% in commercial broiler flocks. 37 In swine, Campylobacter coli colonization is most commonly found; the prevalence of C. jejuni colonization in swine varies widely and may reach 76% [38] [39] [40] . Multiple studies support occupational exposure as a route of transmission for Campylobacter. 19, 41 Exposure to contaminated environments and to colonized animals may facilitate transmission of the pathogen to humans. 18, 34 This study highlights a need for enhanced surveillance and reporting of neurologic and other chronic or delayed sequelae from pathogens such as C. jejuni among workers occupationally exposed to live animals.
Pesticide exposure, especially to insecticides such as organophosphates and organochlorines, has been shown to increase the likelihood of self-reported numbness and weakness in this cohort and may account partially for the elevated prevalence rates found in this group of farmers. 21, 28 Although adjustment for exposure to the four classes of pesticides attenuated most of the estimates, a significant association remained between animal exposure and these two neurologic symptoms. Interestingly, some symptoms associated with pesticide use---namely, vision and speech impairments---are less representative of GBS and were not associated with animal exposure in the adjusted models.
There are four limitations of this study: first, no direct information was collected on Campylobacter exposure; second, outcomes were subjective, self-reported symptoms rather than objective diagnoses based on medical testing; third, data are incomplete for nonoccupational sources of exposure to Campylobacter; and fourth, the AHS questionnaire was not designed specifically to capture medical diagnosis of GBS or other peripheral neuropathies. Further, we cannot rule out the possibility that another animal-related exposure (not Campylobacter) may contribute to the increased risk of numbness and weakness among farmers and confinement workers. Farmers who experience adverse effects in response to animal contact may self-select out of animal-related occupations, leading to selection bias and attenuation of estimates. Although these limitations and the crosssectional nature of the study design prevent a conclusion of causality, the data suggest that farmers potentially occupationally exposed to C. jejuni through contact with swine or poultry may be at increased risk for development of symptoms consistent with GBS.
The finding that swine farmers and workers were at similar risk for numbness and weakness compared with poultry farmers and workers is interesting. An analysis removing all poultry farmers and workers from the swine models failed to negate the association. Furthermore, farmers exclusively contacting poultry did not demonstrate a statistically significant increase in likelihood of reporting symptoms of numbness or weakness. Unlike the results of Price et al., 19 this study found no statistically significant increased prevalence of self-reported numbness and weakness in poultry farmers or workers without swine contact. This may be due to differences in the populations sampled by Price compared to the AHS, related to the intensity of work-related exposures to C. jejuni. Price et al. 19 enrolled chicken catchers and others hired by producers to work on multiple farms and did not collect information on pesticide use, 20 whereas the AHS subjects were enrolled through pesticide licensing centers, reported extensive use of pesticides, and worked primarily on their own farms.
In conclusion, occupational exposure to poultry and swine farming may put workers at risk for symptoms of peripheral neuropathy. Exposure to the animal pathogen, Campylobacter jejuni, a known risk factor for GBS, is a possible mechanism for this association. Growth of concentrated poultry and swine production may increase the likelihood of these exposures, with implications for subsequent development of disease because confinement raising can lead to intensification and spread of bacteria within a flock or herd. 18 Poultry and swine farmers, particularly confinement workers with intense animal contact, may serve as an important population for prospective study of neurologic sequelae associated with infections by zoonotic pathogens like Campylobacter.
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